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Unusually large changes in equity price indices merit specific attention. If they are negative, they are particularly important as they have a potentially more severe impact on balance sheets than changes of normal size. Moreover, if they are not confined to a single market, but affect several markets in the same direction, the adverse effects may be important even for internationally diversified portfolios. A prominent example of such an event is the stock market crash in October 1987, where unusually large equity price changes occurred simultaneously in several emerging and mature markets. Or, more recently, the Russian crisis in August 1998 not only generated a sequence of stock market collapses in emerging markets, but also accelerated the fall in equity prices in several mature markets at the same time. For the investor, this implies that in situations when it would be most needed, international diversification may not be sufficient to prevent major losses. For the regulator, who has to set regulatory minimum capital standards, this implies that his settings may not be sufficient if he does not take into account the possibility of a sudden simultaneous deterioration of conditions in several markets.
The present paper studies the dependencies between European stock markets when stock index returns are unusually large. Analysing dependencies between European markets is interesting, because they are likely to be quite closely linked as a result of the process of integration and the continuous removal of various barriers to cross-border investment in the conditional correlations between returns on different equity markets beyond given thresholds, using monthly data for the United States, Japan, Germany, France and the United Kingdom (hencefort G-5) from 1959 to 1996. They find that in the case of negative returns, correlation of returns beyond those thresholds is higher than would be consistent with assumption of multivariate normality. Poon HW DO confirm this. Using daily stock index return data for the G-5 from 1968 to 2000, they find that correlation of extremes are higher for negative rather than positive returns. They also find that correlations within 1 These are relatively large and liquid markets, accounting together for more than a fifth of total world stock market capitalisation. Another advantage of this choice of markets is that the daily data reflect market conditions at about the same time. Including data for markets from time zones that differ more substantially (HJ United States or Japan) would raise the problem of non-synchronous data collection which complicates the comparison of daily data for the different markets. While this problem could be reduced by looking at weekly data (HJ Hartmann HW DO), such an approach would not allow us to focus on the very short-term, LH daily dependencies, and reduce the efficiency of our estimators which require very large data samples. 2 A standard approach to measuring dependencies between stock markets has been to calculate the correlation coefficient for pairs of stock market index returns. This has the advantage that the calculations are straightforward and that dependency can be expressed in a single number. However, it may not fully capture the dependencies at issue, which may well go beyond linear relations.
-3 -Europe are higher than correlations between Europe, the United States and Japan, though it is not clear to what extent this may reflect the effects of the substantial non-synchronicity in the collection of data for the three regions rather than differences in dependencies.
Hartmann HW DO criticise that the previous studies do not provide the information that has more direct meaning for analysing dependencies, such as the likelihood of a joint crash or a crash spill-over. Instead, Hartmann HW DO use a non-parametric approach to measuring stock market dependencies, which, unlike the previous correlation-based approaches, allows them to leave the probability law of the joint return process unspecified. They estimate directly the number of crashes, given that at least one market crashes. Using weekly data on returns for the G-5 stock markets from February 1987 to November 1999, they find that on average stock markets realise a co-crash in one out of five crashes. The present paper uses a similar approach as Hartmann HW DO., but focuses on conditional probabilities of market booms and crashes. 3 7R PHDVXUH GHSHQGHQF\ ZH IROORZ 6W ULF (2000) who suggests a VSHFWUDO PHDVXUH to describe how the extremes of the univariate components of a bivariate vector are related to each other. Consider (squared) return pairs in the first quadrant. Loosely speaking, the approach consists of "rescaling" the observations, which are far away from the origin, so that they lie on the unit circle. Dependence is then measured by the distribution of the thus rescaled observations on that circle. As the location of each observation on that circle is defined by an angle between 0 degrees and 90 degrees, the distribution can be measured on the line with values between zero and 2 π . Dependence is measured by the concentration of observations that lie in the "middle", LH close to the 45 degree line or to 4 π . These dependency estimates allow us to calculate conditional probabilities and thus address questions such as: -how likely is it to observe an unusually large return in a specific market given that a large return is observed for another? -which markets are most closely linked in such situations? We separately analyse the joint extreme events in either absolute, positive or negative returns. And we divide the sample into two sub-samples. This allows us to address questions such as: -are dependencies different depending on whether both markets crash or boom? and -have dependencies become stronger over time?
We find the following. First, market links in situations of unusually large returns appear to have become closer over time. Second, links are generally higher for large negative returns than for large positive ones. Third, the links differ somewhat depending on which pair of countries is considered. Stock markets in the Netherlands and France are more closely linked to the German market than the markets in the United Kingdom and in Italy are.
-4 -Fourth, links are relatively symmetric in the sense that the conditional probability of an extreme event in one country given an extreme event in the other is similar irrespective of which of the two countries is the conditioning one. For example, the likelihood of a crash in Germany given a crash in the Netherlands is similar to the likelihood of a crash in the Netherlands given a crash in Germany. Section II describes the technique used, section III presents the results and section IV concludes.
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We suggest to measure dependency between two markets by the probability of an unusually large return in one market given an unusually large return in the other market, U , respectively. In this context, we consider a pair as extreme if the return in that market on which the probability is conditioned on is extreme. The dependency measure used here scales down the observations far away from the centre, so that they lie on the unit circle (denoted by B). Then it measures the distribution of the thus scaled observations on B. The exact location of the scaled observations on B is defined by the angle θ from the origin, which can take on values between 0 (intersection of B with x-axis or zero degrees) and 2 π (intersection of B with yaxis or 90 degrees), with the "middle" of the distribution being given by values around 4 π (or 45 degrees). Remember that 
given that at least one of the returns was extreme.
-6 -We estimate the measure ν by the HPSLULFDO tail measure Q νˆ, given as the N-th largest order statistic of the sample of Q pairs, or, loosely speaking the k-th largest return pairs. 6 The parameter k defines extreme events. Following widespread practice, we choose k by plotting the estimators as a function of the threshold and select k in the region over which the estimates of the spectral measure tend to be constant. Within that region we tend to choose a rather low value of k to ensure that the estimates capture only the tail behaviour and are not biased by the mass in the centre of the distribution.
We estimate the conditional probability U , respectively, for given S and T . Our estimates are based on the following:
5 6W ULF VKRZV WKDW WKLV LV D FRQVLVWHQW HVWLPDWRU RI α for a wide range of time series processes, including those of the GARCH and constant conditional correlation type. 6 Note that unlike in the one-dimensional case, concepts such as order statistics do not have natural definitions and, instead, several different concepts of ordering are possible. Here, we choose an ordering according to the return in that country on which the probability is conditioned on. 7 See e.g. Embrechts HW DO (1997) and De Haan and de Ronde (1998), cited after Hartmann.
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The data consist of closing prices of daily stock market indices for Germany (DAX), France (CAC 40), Italy (ITSMBANC), United Kingdom (FTSE) and Netherlands (CBS) from January 2, 1973 to July 10, 2001 (see for details appendix 1). Daily rates of return are calculated as the natural logarithm of the ratio of two consecutive daily prices. 8 Thus, the full sample consists of 7440 observations. Dividing the latter into two sub-samples of equal length (January 2, 1973 to April 7, 1987 and April 8, 1987 to July 10, 2001 ) means that each sub-sample has 3720 observations, which is still large compared with several other studies. 9 We use a bivariate framework, looking at the dependencies between the German market and the other four markets separately. Hence, we have four different country pairs: Germany-United Kingdom, Germany-Italy, Germany-France and Germany-Netherlands. For each of the two sub-samples, we look at absolute, positive and negative return pairs, where positive (negative) return pair denotes those return pairs where both returns are positive (negative). Thus, we estimate (i) the conditional probability of an (any) unusually large return, given an unusually large return in the other market, (ii) the conditional probability of a an unusually large positive return in one country given an unusually large positive return in the other (joint boom) and (iii) the conditional probability of a an unusually large negative return in one country given an unusually large negative return in the other (joint crash). 10 Scatterplots of positive and negative return pairs for the two sub-samples are shown in Figure 2 , each row showing four plots for one country pair. In some instances, specifically negative German-French and German-Dutch return pairs in the recent sub-sample, the data exhibit a V-rather than a U-shape, indicating pronounced tail dependence, that is the tendency to have unusually large values of the two series simultaneously.
8 Summary statistics of the univariate index return series are reported in Appendix table 1. The (excess) kurtosis measures and the Jarque-Bera statistics are generally highly significantly different from zero. This confirms earlier findings that the returns are not normal, but have more mass in the tails than would be predicted by a normal distribution. Thus, their MRLQW distribution will not be normal either. 9 Danielsson and De Vries (1997) suggest that 1000 observations may be sufficient for the application of EVT. However, some empirical applications have used fewer observations, HJ. Hartmann HW DO (2001) , Longin and Solnik (2001) and Bae HW DO (2000) use samples with 623, 456 and 880 observations, respectively. 10 We require both returns to be positive (negative) to avoid that squared negative (positive) returns are mixed with squared positive (negative) returns when estimating the spectral measure. This implies a loss of observations, LH we loose those pairs where one return is positive and the other negative, but there are only very few such observations when (German) returns are unusually large, which is our primary interest.
-8 - 
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Four results are singled out for special attention. 11 First, we find that European stock market dependencies have become stronger over time, as evidenced by the very noticeable differences in estimates between the two sub-samples. Dependencies during the first sub-sample are generally weak, as reflected in the clear U-shape of density estimates for θ with peaks around 0 and 2 π shown in the left column of figure 3 (where θ is denoted by "theta", with values from 0 to 2 π , or approximatively 1.57). Figure 4 shows the associated estimated conditional probabilities for different quantiles. For example, the value shown at -1.0 is the estimated conditional probability of a 99 per cent quantile event in the other country given a 99 per cent event in Germany and the value shown at -2.0 is the estimated conditional probability of a 98 per cent quantile event in the other country given a 99 per cent quantile event in Germany, and so on. The left column of figure 4 shows that the estimated conditional probability of a 99 per cent quantile absolute return in a country given a similar return in Germany never exceeds 20 per cent. In other words, an unusually large absolute return in Germany is only accompanied by a return in the same quantile in the other country in less than one out of five cases. In contrast, looking at the more recent sub-sample, estimated densities change noticeably. Specifically, they have more mass in the middle (Figure 3 , right column) and conditional probabilities of extreme events are much higher, ranging from 0.33 to 0.50 (Figure 4 , right column).
Identifying increasing European stock market dependencies, our first result confirms those obtained by other studies using different techniques (HJ Hardouvelis HW DO, 1999 and Fratzscher, 2000) . We concur with those authors that the increase in dependencies likely reflects the continuous removal of various barriers to intra-European investment. However, our estimates do not allow us to distinguish whether the dependencies reflect direct bilateral links or the joint response of the two markets to developments in a third market.
While an interesting additional issue, this is beyond the scope of the present paper which focuses on dependency in an arbitrage sense without attempting to explain the underlying mechanisms for the dependency. Against this background the interpretation of our results in the remainder of this section have to be regarded as tentative.
11 Estimates are made using S3OXV SURFHGXUHV EXLOGLQJ RQ WKRVH NLQGO\ REWDLQHG IURP &DWDOLQ 6W ULF -10 - could experiment with shorter sub-samples using intra-day data.
Second, we find that dependencies differ between the pairs of countries chosen. For example, dependencies between Germany and Italy do not seem to be strong. The typical density function has a more or less pronounced U-shape with very little mass in the middle and most mass concentrated around 0 and 2 π , even for the more recent sample (Figure 3 ).
This means that an extreme return in one country is generally not accompanied by an extreme return in the other country. This is reflected in a conditional probability estimate for 99 per cent quantile absolute returns close to zero for the first and just above 30 per cent for the most recent sample (Figure 4 ). By contrast, for example, dependencies between Germany and France are much stronger. Especially during the recent period the distribution is overall more equal and peaks in the middle at around 4 π . The estimated conditional probability of a 99 per cent quantile absolute return is equal to 0.50. In other words, unusually large absolute returns are as often shared by both countries as they are confined to just one of them. Dependencies for the other two country pairs lie in between the two described above.
12 The latter result is similar to Hartmann HW DO (2001) , though our estimates suggest nevertheless a much higher degree of integration than these authors using data over a similar period (from 1987 to 1999 in their case, as compared with 1987 to 2001 here). This difference may reflect the different data frequency. While Hartmann HW DO. use weekly data, we use daily data. Indeed, looking at average weekly average data instead of daily data, we find much lower conditional probabilities, similar to those reported in Hartmann HW DO (2001).
-13 -We suggest that exchange rate uncertainties go a long way explaining the differences in estimated cross-border stock market linkages. Specifically, such uncertainties were particularly important during the EMS crisis for the United Kingdom and Italy, which left the EMS in September 1992. Another explanation for the estimated cross-country differences in dependencies may be trade links: High trade dependence and business cycle integration is likely to lead to more homogenous cash flow expectations across borders, as companies' profits are more dependent on area-wide business cycles. Indeed, among the countries considered here, Germany is the most important trading partner for the Netherlands, and France the most important one for Germany. However, while this may explain the differences in estimated linkages among the different country pairs, it cannot explain the increase in stock market dependencies over time. Relative trade links among the countries under consideration have hardly changed between the two sub-periods. If anything, German-Dutch as compared to the other trade links have become slightly less important during the second as compared to the first sub-sample. We conclude that the reduction in currency risk is the most important explanation for the much stronger increase in dependencies between Germany and France or the Netherlands than between Germany and the United Kingdom or Italy.
Third, distinguishing between positive and negative returns shows that dependencies are stronger for negative than positive returns (Table 1) . Also, the cross-country differences in estimated dependencies are more noticeable in the case of the former. For example, while the density estimates for Germany-United Kingdom and Germany-Italy have a more or less pronounced U-shape with peaks at the ends even for the more recent sub-sample, the estimated densities for Germany-France and Germany-Netherlands for the more recent period peak in the middle at 4 π ( Figure 5 ). This indicates pronounced tail dependence. This is reflected in estimates of conditional probabilities of negative returns in the 99 per cent quantiles, which are equal to 0.61. Thus, if there is an unusually large negative return in Germany, in three out of five cases there is also an unusually large negative return in both France and the Netherlands. ; 45, 45, 50, 45, 45, 35 for France and 35, 30, 50, 35, 45, 30 for Netherlands. As the N's differ for positive, negative and any returns for each country, the three estimated probabilities for each country are not necessarily systematically related each one to another. Testing for robustness of the conditional probability estimates with respect to the choice of N, we find the estimates mostly stable when N is varied by plus and minus 10. In almost one out of two instances did the maximum variation in the estimated probability (from either a reduction or increase in N) not exceed one per cent. In all but three instances was this variation smaller than five per cent. The three exceptions are the case of all returns for Germany-Netherlands and the cases of negative returns for Germany-Netherlands and Germany-France. In the case of the latter, reducing N lowers the estimated probability and increasing N raises it, in each case by about 0.09. In the other two cases the maximum variation could attain plus 0.09 (absolute returns) and minus 0.15 (negative returns). Controlling for the stock market crash in 1987 (by excluding data for October and November 1987), the estimated parameters change slightly, but the qualitative results remain unchanged.
The third result confirms those obtained by Koutmos and Booth (1995) , Longin and Solnik (2001) and Poon, Rockinger and Tawn (2001) , while Bae, Karolyi and Stulz (2000) find only mixed evidence in favour of the hypothesis that cross-country financial market links are stronger in bear rather than bull markets. Several factors may explain our results.
To the extent that significantly large negative returns are associated with more a wide-spread drying up of liquidity, investors will find it harder to fund themselves because of liquidity shortages and the ensuing rebalancing of their portfolio is likely to trigger a spill-over between markets. The trend towards portfolio retrenchment is reinforced when individual fund managers have powerful incentives to produce returns that do not deviate -17 -too much on the downside from average. In addition, in situations when prices turn against them, highly leveraged financial institutions are required to provide more collateral or close out their positions ("marking to markets"). In the face of daily marking to markets this may lead to rapid adjustments of positions and, if other positions are closed to free up collateral, to spill-overs to other markets within the same day. Prudential ratios and self-imposed "stop-loss limits" have similar effects. All these factors suggest that markets may be closer linked during bull rather than bear markets.
Fourth, the estimated conditional probabilities are V\PPHWULF in the sense that they are broadly similar irrespective of which one of the two markets is chosen as the one on which the probability is conditioned on. This is evidenced by the small differences between the straight line (conditional probability of extreme return in other country given an extreme return in German market) and the dotted line (conditional probability of extreme return in
German market given extreme return in the other market). If anything, there is a small divergence between the two estimated probabilities to the left of the 98.5 per cent quantiles in the case of negative returns. This would suggest that the German market exhibit more inertia. However, the evidence is at best very limited and we cannot identify substantial asymmetries. This differs from the results of studies including the US market, which is generally found to significantly influence other markets (HJ Hamao, Masulis, Ng, 1990).
Our results can be seen as consistent with the hypothesis that there is no single most influential stock market in Europe.
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Our estimates show that MEVT is a useful tool to analyse cross-border market links in situations of unusually large price changes. We find considerable dependencies between some stock markets, especially in the case of extreme negative returns. Moreover, using two sub-samples each of fourteen years we find that dependencies have increased noticeably in the more recent period as compared with the earlier one. This likely reflecting the continuous removal of various barriers to intra-European investment. Thus, our results point to the limits to which international portfolio diversification can reduce risks. In particular, where dependencies of extreme returns are very tight (as for Germany-France and Germany-Netherlands), the diversification of international portfolios may fail to deliver exactly when its benefits are needed the most.
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The sample consists of daily stock market indices (closing quotes) 
